The role played by the orbital angular momentum Lz in parton models at P = 03 is delineated. By postulating similar behavior for the parton wave functions of the low-lying baryons of equal L z, we are able to relate various of the transition form factors for yVN -N* to the elastic form factors of the nucleon.
I. INTRODUCTION
Matrix elements of local charge densities <+' I JoI z,K>' find very intuitive expressions in the language of the infinite momentum parton modell: as in ordinary quantum mechanics, they can be written as overlap integrals between the parton wave functions of the hadron states $ and $'. Several authors [2] [3] [4] have considered such expressions in various versions of the parton model.
Unfortunately, the lack of specific information about the parton wave functions prevents the extraction of much information beyond the Drell-Yan2-West3 relation.
In the present work, we consider the angular momentum properties of the wave functions involved in the overlap integrals, and are led through these considerations to propose a specific statement of universality among hadron form factors (Section II). The hypothesis can be directly tested in the case of the transition yvp -) A'( 1236), and this is done in Section III of the paper. In this section we also present some statements made by the model about certain other transition form factors (yVN -S11(1525), y,# -D13(1525)) of experimental interest. Section IV of the paper contains some discussion of our results.
II. FORM FACTORS IN THE PARTON MODEL
The physics discussed in this paper is viewed exclusively from the infinite momentum frame (IMF) introduced by Drell and Yan2, in which the initial hadron momentum Pp is the four vector (P + m2 /2P, 0 , 0 , P), P-+ m, and the four momentum carried by the current is # = (mv/P, Q, 0, 0). As -2-I I -I P-m, wehaveP2=m2, q2=-Q2, q.P=mv. Many of the kinematical -h aspects of momentum space wave functions in the IMF are reviewed in an article by Kogut and Susskind5 , to which we refer the reader. In constructing form factors in the parton model, it will suffice (as discussed in Refs. 2 and 5) for us to consider the matrix element < h'P_th' I Jo I hP_A> oo, where EA(_P'h') denote the momentum and helicity of hadron h(h'), g' = g i Q = P-I + Qy X and the subscript m on the matrix element denotes that the limit P -m is to be taken. The parton model then is a statement that <h'P'A' lJ,l hPA>a, = z($ , ji, $) o3 a
(1)
where jt is the bare charge density operator of parton type a, and J, ($') is the initial (final) hadron state expanded onto a Hilbert space of many-parton wave functions at infinite momentum. In momentum space, ~,6 and +' carry as arguments the longitudinal fractions q i, the transverse momenta I&, and the z-components of spin hi of the partons. (The hi differ from parton helicities only by corrections of O(Q/P) ).
We now observe a simple fact which is essential to our discussion: at -infinite momentum the bare charge density ji cannot flip the spin of the parton from which it scatters. E. g. , in the case of spin l/2 partons, <qE'h' Ij"lqKA>m = e [1 ii(g'A') you (Ph) 1 M = e (277 P) Qhl (2) with a normalization u+u = 2E for the spinors. From Eq. This is a parton model realization of the conclusion of Dashen and Gell-Mann'.
We shall have more to say about this in the 'concluding section of the paper. 
with M = h2-Xl.
h Eq. (4)s "al' labels the struck parton, with charge ea. The 5; are equal to 21i -2Co, the displacement of zi from the "center of mass" ZXo = C n i 2&. All the spin parts have dotted out, conforming to the previous discussion; and the independence of the $'s of the momenta P and< P' is a result of the Galilean invariance in the infinite momentum frame5.
Needless to say, we know little or nothing about the wave functions ~,6, except for their normalization (derived in Appendix A):
However, let us explore the following line of reasoning. It is clear from the previous discussion on anomalous moments and L-S mixing that the P-CO parton Hamiltonian is a fairly complex object, and that the wave functions for the hadrons in the I&IF have little apparent relation to the usual "constituent quark" wave functions of the ordinary quark models, except perhaps through a unitfiy transformation given by the hadron dynamics. does not hinge on Q being large'.
The last step 's to assume that representations at P = 03 are sufficiently mixed so that each of the different Lz values is reasonably represented in the wave functions of all the low-lying non-strange baryons -more concisely, the p I L s for given h are non-zero over the whole spread of the L's for any of the low-lying non-strange baryons.
The end result ofiall these speculations is an experimental prediction:
namely, that the matrix element <h* P' h' I Jo I h gh,, can be written as N-
, where G(Q2) contains all the dependence on h, h', h, h', but is a very slowly varying function of Q2. The factor P originates from Eq. 13)
inserted in the expansion (1). We now turn to some examples.
It will suffice to examine hl = h3 = l/2, Ah = 0, -1. According to the preceding discussion, we shall also deal in this case exclusively with the isovector current. Eq. (6) takes the form lim <APt*$lJ$NF';> P-=0 <NP_'*+ IJo" N,P ;> = rItQ2) (8) and r l(Q2) should conform to hypotheses (i) and (ii).
In terms of standard invariants, we have for the nucleon
while for the N-A transition we simplif/ matters by keeping only the magnetic dipole transition (this being a very good approximation to the data8) :
<AETA' IJF I NgA> = i F*(Q2) e I.l@,py Pa spvy (P'h') u (PA) (10) The spinors are normalized to J; a! @a = 2M, iiu = 2m, where M and m are the masses of A(1236) and N( 939), respectively.
Working in the infinite momentum frame # = (P + m2/2P, 0, 0, P), qn = (mv /P,Q, 0,O) defined in Section II, it is a kinematical exercise to show
Ignoring the isoscalar pieces, we can then process Eqs. (11) - (14) through Eq. (8) to obtain the relations
( 16) with r,(Q2) satisfying our hypotheses (i) and {ii). 
so that the condition (16) becomes __ pL_
For Q2 > 0.5, the experimental results8 
1
We can now also check the consistency, with our model, of the magnetic dipole approximation for the N -A transition: for large Q2, the condition for the compatibility of (15) and (11) The discussion of Section II and Eqs. (ll), (12), (25) and (26) then lead to the following version of Eq. (7): 
and calculate the cross section using Eqs. (2'7), (32) and (33). The result is 1 opeak = ?! O3/2 1x 167r mM2 (E*+m) 2 f ,F,",2 ,rVj2 I? (M2 -m2) m2 Q4 w-9
A best fit to our three data points with a constant r V is shown in Fig. 2 as a dashed curve. Not only is the fit poor ( h2 = 25 for 2 degrees of freedom) but V the required value of r-is on the low side (r V = 0.19). To obtain a better fit, one could have to allow r to vary by more than a factor of 2 over the Q2 range 'of thcdata (0. 5 This is satisfactory on all counts.
I
As a result of this analysis, we predict that if only one of the three excitation modes is present in the range 0.5 < Q 2 < 1.5 Ge V2, it is most likely to -be-u,. It is extremely unlikely to be pure CY~/~, and a helicity l/2 dominated " cros% section is completely ruled out by the model. We note that the possibility of a purely longitudinal excitation is supported by a recent data analysis 17 , but completely rejected in the quark model. 18
One must note, however, that since the factor 2w*(M+ m) -Q2 multiplying g3 in Eq. (31) is very small in the region of Q 2 -1 GeV2 ,' a fair amount of uI,,~ can be tolerated by our model if uL is substantial in this region of Q2.
We have not utilized Eq. (28) and (29), uL/uT -0 independent of the spin or normality of the resonance. The result is, however, not necessarily obtained in the Bjorken scaling limit (Q2/M2 -const).
yv Pd S;I(1525)
We may repeat the whole preceding discussion in the present case, with the simplification of dropping the g2 amplitude, given the lack of a helicity 3/2 state.
The analogues of Eqs. (30) and (31) Thus, we may conclude that our model shows a definite preference for E 1 dominance, this time in accord with the quark model. 18
Finally, as in the case of the D13, we find in the high-Q2 limit t/uT <, const/Q2
for Q2>> (M + m)2.
-19- For much larger Q2, (Q2 >_ 6 GeV2), the prediction is that the ratio gL /3T Lconst/Q'.
We close with some remarks about the parton structure of the hadrons at infinite momentum, based on the observations made in Section II:
(1) The . In this Appendix we shall stick to the notati0.n of Ref. (5), with the exception of interchanging the role of the n ' s and 0's.
Normalization in Momentum Space
As in Ref. (5), we define kets lpiKi > which describe partons with longitudinal momentum pip, P-73, and transverse momentum I$. These are normalized in a manner invariant to finite boosts in the z directions
We now construct the ket for a hadron with longitudinal momentum PP, transverse momentum 5 :
The normalization <pKlP' I$'> = p 6 (P -P') 6 (E -5') of these kets implies , W) We now come to consider the vertex function < n' K' I JP I r] I$ > , where J P is the electromagnetic current, coupling to the charges eq of the partons. As discussed in Drell and Yan, we shall specialize to the "good" currents ,u = 0 or 3.
In particular we shall choose 1-1 = 0.
In the parton model, we write Wl)
where joa is the charge density operator for parton a. 
The baryon isobars will be described by Rarita-Schwinger spinors normalized
As usual, one constructs the tensor where we have gone from the 6-function to the Breit-Wigner form.
The observed quantity g = gT + E TL is given by 
